Summary. Aromatase activity has been studied in the rainbow trout ovary in a perifusion system. During early vitellogenesis, as in other stages of the annual cycle, the ovaries were capable of aromatizing androstenedione and testosterone. Aromatase activity increased from the postovulatory stages to exogenous vitellogenesis.
the medium (50 ng/ml), the androstenedione/testosterone ratio was reduced by half. This indicates a stimulation of 17p-hydroxysteroid dehydrogenase activity favourizing the formation of testosterone. At a concentration of 50, 150 or 300 ng/ml, the gonadotropin inhibited between 13 and 38 p. 100 of the aromatase enzymatic activity.
Introduction.
In most temperate zone fish, seasonal sexual activity corresponds to adaptation to the changing environment. The endocrine system is the link between the various environmental regulators (e.g. photoperiod, temperature) and the gametogenetic processes. In the female, annual variation of estrogen secretion is the major, best-known cyclic phenomenon affecting ovarian activity (Billard et al., 1978 ). An increase in the plasma levels of immunoreactive estradiol-17p during ovarian recrudescence has been shown in various teleosts as the rainbow trout , the brown trout (Crim and Idler, 1978) , the plaice (Wingfield and Grimm, 1977) and Tilapia (Yaron et al., 1977) .
During the period of gonadal recrudescence in the female trout, there is a parallel increase in plasma gonadotropin and estradiol-17p levels (Breton et al., 1975 ; Fostier et al., 1978) . But such a correlation does not exist at the end of the reproductive cycle : the estradiol-17(3 level drops before oocyte maturation, whereas the gonadotropin (GTH) level remains high for more than two weeks after ovulation (Breton et al., 1975 ; Fostier et aI., 1978) .
In order to understand these changes in the gonadotropin-estradiol relation, we studied aromatase activity in the rainbow trout (Salmo gairdneri Rich.) (Eagle, 1959) for 5 to 10 min. Some fragments were weighed and others were fixed for microscopic examination.
Radioactive steroids ( 1 ). -[7(n) 3 H]-Androstenedione (specific activity : 15 Ci/ ( 1 ) Trivial and systemic names of the steroids and other hormones quoted in the text : Pregnenolone : 3(i-hydroxy-5-pregnen-20-one. hydroxy-20p dihydroprogesterone : 17a, 20!-dihydroxy-4-pregnen-3-one. mmol), [7 (n) Gonadotropic hormone. -Highly purified salmon (Oncorhynchus tshawytsha) gonadotropin was prepared according to Breton et al. (1978) . Its specific activity was assayed by the in vitro maturation of trout oocytes according to Jalabert et al. (1974) .
Experimental design.
We used a perifusion system identical to that which M6n6zo (1976) Extraction. - The homogenized ovaries and the incubation media were extracted three times with 15 ml of ether : chloroform (3 : 1) and once with 15 ml of ethyl acetate. The organic phase was evaporated to dryness and resuspended in 1 ml of methanol for steroid analysis.
Testosterone : 17(!-hydroxy-4-androsten-3-one. DHT : dihydrotestosterone : 17p-hydroxy-5oc-androstan-3-one. Estradiol-17p : 1,3,5 (10) estratriene-3,17p-diol. Estriol : 1,3,5 (10) estratriene-3,16oc, 17p-triol. Estrone : 3 hydroxy-1,3,5 (10) estratrien-17-one. onc-GTH : gonbdotropin of Oncorhynchus tshawytsha. aci-GTH : gonadotropin of Acipenser stellatus. hCG : human chorionic gonadotropin hormone.
Chromatography.
Column chromatography was used to separate the androgens from the estrogens. The columns were prepared according to the method described by Adessi et al. (1976) . A glass column (1 x 12 cm) equipped with a 50-ml bowl was filled with Dowex AG1-X2 resin, chloride form, 200-400 mesh (Bio-Rad), suspended in distilled water. The resin was allowed to settle (height : 4 cm) and the column was washed as follows : 25 ml of H P , 2 x 5 ml of NaHC0 3 0.5 M, 5 ml of H 2 0, 20 ml of 80 p. 100 methanol and 20 ml of 100 p. 100 methanol. The extracts were applied to the column with 3 X 1 ml of pure methanol. The androgens were eluted with 15 ml of pure methanol and the estrogens with 40 ml of 80 p. 100 methanol.
Thin-layer chromatography was performed on Merck silica gel 60 F 254 using chloroform : ethyl acetate (5 : 1) and, when specified, chloroform : acetone (9 : 1). The ketosteroids and estrogens were visualized by ultraviolet light at 240 nm. The peaks of radioactivity corresponding to androgens and estrogens were eluted.
Measurement of radioactivity.
-
The radioactive metabolites were detected using a Panax XY radiochromatogram scanner. The peaks were eluted with methanol and counted in 15 ml of a toluene-PPO-POPOP system in a Packard Tricarb liquid scintillation spectrometer (model 3320) equipped with an external standard. Aqueous solutions (1 ml) were counted in 10 ml of a toluene-PPO-POPOP-Triton X-100 mixture.
Counting Estrogens : Acetylation of the radioactive substance, which showed the same mobility as the authentic estrogens, gave products isopolar to the corresponding authentic acetates in system II. These products were hydrolyzed into the radioactive products which were isopolar to the corresponding authentic steroids.
The radioactivesubstance identified as estradiol-17P by thin-layer chromatography was oxidized into a product which was isopolar to estrone in both chromatographic systems. The reduction of the initial radioactive substance gave a product isopolar to authentic estriol in system II.
The radioactive substance isopolar to estrone in system I or II was reduced to a product whose radioactivity was located at the same position as estradiol-17P in both chromatographic systems. b) Crystallization to a constant isotopic ratio. -14 C-steroid, together with 20 mg of the authentic steroid, was added to the 3 H-steroid identified by thin-layer chromatography. The amount of 14 C-steroid was settled so that the 3 H/ 14 C ratio was equal to 3.
Four successive recrystallizations from methanol/water were then performed to obtain a constant isotopic ratio ( Tyler, 1967) . The fresh weight can be considered as a valuable parameter for estimating gonadal aromatizing ability : the increase in ovarian weight during the annual cycle is mostly due to « inert>> yolk accumulation rather than to endocrine cell multiplication. In these conditions, an increase of steroid production per unit of fresh weight would really be due to an increase of the biosynthetic activity of the tissue.
Both androstenedione and testosterone are convenient substrates for measuring the aromatizing activity of the trout ovary in perifusion. The androgen concentration we used (5.10-8 M) was in the range of endogenous androgen concentrations estimated by radioimmunoassay (unpublished results). Aromatizing activity varied during the annual cycle. Ovarian estrogen synthesis was at its minimum just after ovulation, then slowly increased to higher values at the beginning of exogenous vitellogenesis (which begins when oocyte diameter reaches 580 pm ; Upadhyay, 1977) . During that stage plasma estrogen values began to increase rapidly. These observations agree with the role assigned to estradiol-17(3 in the stimulation of vitellogenin synthesis in the liver (Campbell and Idler, 1976 ; Yaron et al., 1977 ; Terkatin-Shimony and Yaron, 1978 ; Crim and Idler, 1978) . The estradiol-17p/estrone ratio studied at the different ovarian stages and as a function of perifusion time indicates that estradiol-17! is really the main n estrogen synthesized from C z9 0 4 -3 keto steroids.
Lambert (Zohar, 1980) . Moreover, the half-life of gonadotropin is certainly very different in vitro than in vivo ; this point is being studied at present by Zohar (1980) .
The increasing estradiol-17p production in vitro in the presence of gonadotropin does not appear to be inconsistent with the existence of an inhibitory gonadotropic effect on aromatase enzymatic activity. Thus, the gonadotropic stimulation of the first steps of steroidogenesis, accompanying aromatase inhibition, could favourize progestagen production, especially during oocyte maturation. Fostier et al. (1981) Nagahama (1980) . So, it is very interesting for comparative endocrinologists, using only one gonadotropin, to explore the modalities and the limits of the regulation of ovarian estrogen production in fish.
